Toxic shock syndrome (TSS) was originally described and linked to the presence of Staphylococcus aureus by Todd et al. (32) in 1978. The incidence of TSS has been linked by statistical inference to the use of tampons, especially those of high absorbency, such as Procter & Gamble's Rely brand (4-7, 11, 22, 27) . Up to this point there has been no generally accepted explanation for the association between tampons and TSS.
Recently, Tierno (30) and Hanna (10) suggested that one of the absorbents in Rely tampons plays a role in the occurrence of TSS. Rely tampons contain a lightly cross-linked carboxymethyl cellulose (CLD-2) in the form of fibers and present in the tampon as small chips. According to them, the CLD-2 fibers can be enzymatically degraded by microbes found in the vagina during menstruation, the products of the degradation encouraging the growth of S. aureus and its subsequent toxin production. Tierno (30) estimated the enzymatic degradation of the CLD-2 fibers by checking for an increase in the mobility of a concentrated gellike aqueous suspension, and Hanna (10) used the same method and in addition tested for the appearance of reducing sugars released during hydrolysis by using the method of Mandels et al. (16) . Tierno et al. (31) , using commercially obtained enzyme samples in assays that were similar to those used previously (10, 30) , claimed that a particular enzyme, IPglucosidase, was capable of degrading the CLD-2 fibers. As virtually all of the organisms they used are known to inhabit the vagina (1, 13-15, 17, 20, 21, 26, 29) and, as many in addition have been reported to produce ,-glucosidase (3, 12) , they concluded that CLD-2 could serve as an external source of nutrients for S. aureus in vivo (31) .
These results raised some questions, as it was not expected that 3-glucosidase by itself would be capable of attacking long-chain cellulosic molecules (23, 33) such as those found in CLD-2. In addition, an increase in the mobility of a CLD-2 fiber suspension may not be due to enzymatic degradation but rather to fiber dehydration caused by an increase in ionic strength (9 (2, 18) .
Growth tests. To promote the production of P-glucosidase and cellulases, we grew all 13 (19, 28) . The detection limit of these assays was 0.01 IU/ml. P-Glucosidase activity was determined by two methods.
The first used p-nitrophenyl-,-D-glucopyranoside as a substrate. A 1-ml enzyme sample was added to 1 ml of 4 mM p-nitrophenyi-,-D-glucopyranoside in phosphate buffer and incubated at 37°C for 1, 2, or 3 h. The reaction was stopped by the addition of 2 ml of 20% Na2CO3. Activity was measured as the absorbance of released p-nitrophenol at 400 nm. The detection limit was 9 x 10-6 IU/ml. The second method used cellobiose as a substrate and tested for glucose production with a Beckman model ERA-1002 glucose analyzer. A 1-ml enzyme sample was added to 1 ml of 1% cellobiose in phosphate buffer and incubated at 37°C for 1, 2, or 3 h. The detection limit was 1.9 x 10-3 IU/ml. The Detection of carbohydrates from enzymatic digestion of CLD-2. High-pressure liquid chromatography of samples from the enzymatic digestion was done with a Waters model 6000A solvent system, model U6K injector, and model R401 refractive-index detector. The column was a Bio-Rad HPX-42A column with a water eluent at 85°C and 0.4 ml/min. The detection limit for each peak was 2 p.g (1 mM for glucose).
Glucose concentrations in the CLD-2 digests were determined by a modification of the glucose oxidase method of Fleming and Pegler (8) by adding 1 ml of glucose oxidase reagent (pH 7.0) to 0.4 ml of sample and incubating the mixture at 35°C for 1 h. Afterwards, 2 ml of 7 N HCl was added to stop enzymatic activity. Glucose concentrations were determined by measuring the absorbances at 525 nm. The detection limit was 0.005 mM.
Ionic strength determination. The ionic strength of suspensions containing CLD-2 was determined indirectly by measuring their conductivity with a Hach model 2510 conductivity meter. The conductivities of 50 ml of 1 or 2% suspensions of CLD-2 in deionized water were determined before and after the addition of 0.5 ml of culture broth containing K. oxytoca, K. pneumoniae, P. mirabilis, or S. marcescens. Samples of 10 ml of Trypticase soy broth were inoculated with a loopful of each culture and incubated for 24 h at 37°C before being added to the CLD-2 suspensions.
RESULTS
The results of the assays for cellulolytic activity based on reducing sugar values are shown in Table 1 . Of the 13 Tierno cultures grown in each of the 10 growth substrates, none had detectable cellulase or carboxymethyl cellulase activity, either intracellular or extracellular, in any of the three assays with a-cellulose, carboxymethyl cellulose, and CLD-2 as substrates. The two control cultures, C. uda and C. gilvus, had positive cellulase and carboxymethyl cellulase activities in all three assays when grown in each of the six growth substrates used for the controls. The highest values attained with any of the growth substrates are shown in Table 1 .
The results of the ,B-glucosidase assays (Table 2) indicated that all 13 Tierno cultures, as well as the two control cultures, had 1-glucosidase activity on p-nitrophenyl-P-Dglucopyranoside with at least one of the growth substrates. The two control cultures and seven of the other cultures had ,B-glucosidase activity in the less sensitive assay with cellobiose as the assay substrate. Generally, intracellular activity was higher than extracellular activity.
The digestion of CLD-2 with each of the three commercially obtained ,B-glucosidase samples did not lead to any production of glucose in the glucose oxidase assay or any production of glucose or lower oligosaccharides in the high-pressure liquid chromatography analysis. The digestion of CLD-2 with a commercially obtained cellulase sample released 0.19 mM glucose after 24 h in the glucose oxidase assay and yielded three peaks in the high-pressure liquid chromatography analysis: glucose, cellobiose, and a peak which is most likely a carboxylated cellooligosaccharide. The third peak did not appear when the same sample was analyzed by high-pressure liquid chromatography with an amine-bonded silica column, which would bind to and therefore not release a charged carboxylated compound.
The addition of culture broth to a 1 or 2% suspension of CLD-2 resulted in an increase in conductivity with each of the four cultures tested (Table 3) .
DISCUSSION
None of the 13 Tierno cultures had cellulase activity with any of the 10 different substrates used for growth. Three different assays were used to test for general cellulase activity or for specific activity on the substrates carboxymethyl cellulose and CLD-2. However, all of the cultures tested had 3-glucosidase activity. Tierno (30) and Hanna (10) found an increase in the mobility of concentrated CLD-2 suspensions in only 4 of the 13 results with a different approach were also noted by E. T. Reese and M. Mandels (personal communication). Using three 3-glucosidase preparations from almonds, they found no detectable activity on carboxymethyl cellulose. Using a fungal ,-glucosidase preparation, they detected hydrolysis of carboxymethyl cellulose. This hydrolysis was attributed to trace amounts of a random-acting cellulase and not to 3-glucosidase, as nojirimycin, a strong inhibitor of Pglucosidase, had no effect on hydrolysis in subsequent studies. Of the 13 Tierno cultures, K. pneumoniae, K. oxytoca, P. mirabilis, and S. marcescens were reported to have activity on CLD-2 based on suspension mobility studies (30) . Hanna (10) also reported activity based on mobility tests for the first two of these cultures but not the last two. All four of these cultures produced an increase in conductivity when added to CLD-2 solutions. An increase in conductivity and therefore ionic strength causes CLD-2 fibers to desorb water (9) , which can cause an increase in the mobility of CLD-2 suspensions. As the native ,B-glucosidases of these cultures do not hydrolyze CLD-2, the increase in suspension mobility observed with these cultures could possibly be attributed to an increase in ionic strength but not to enzymatic hydrolysis of the fibers by ,-glucosidase.
The role of superabsorbent tampons, including Rely, in TSS is not clear. It is apparent that the absorbent CLD-2 present in Rely tampons is not degraded by the microbes tested and therefore does not provide nutrients for the growth of S. aureus.
